I M P L A N T A B L E C A R D I O V E R T E Rdefibrillators (ICDs) have been
shown to reduce mortality in patients at risk of sudden cardiac death in large randomized trials for primary [1] [2] [3] and secondary prevention of sudden death. 4, 5 Accordingly, these data have led to changes in ICD guidelines, increasing indications for implantation 6, 7 and implantation rates. 8, 9 Potential and actual ICD malfunctions caused by failure of generator components, once made public, are known as ICD advisories. ICD advisories potentially affect a large number of patients. The risk of failure (comparing the number of failures with the number of devices implanted) associated with current ICD advisories ranges from 0.009% to 2.6% of devices during a variable follow-up period that is typically less than 24 months (TABLE 1) . This risk may vary, depending on variables such as battery reserve and device programming.
These advisories or recalls stem from unanticipated failures of ICD generator components that potentially place the patient at risk and are recognized after commercial release and clinical use. The term advisory or recall specifically describes the communication issued about these failures by industry and the federal regulatory bodies (Health Canada and the US Food and Drug Administration). 10, 11 The causes for recall range from relatively inconsequential problems such as labeling errors to important problems that compromise device function; the loss of function can often occur in unpredictable ways. Under these circumstances, patients and physicians may focus on immediate potential solutions such as device replacement, which is generally technically less challenging than a new implant, but the procedure is associated with complications that may place the patient at substantial risk.
The management of ICD advisories with generator replacement is therefore complex, and as such, the risk of device failure needs to be carefully assessed for each patient.
Few data are available to guide physicians in the appropriateness of their response to risk imposed by these advisories 12, 13 or to quantify the complication rate associated with ICD generator replacement. There are, to our knowledge, no data on replacement rates or associated complications as a result of an ICD generator advisory. Previous studies on ICD implantation complication rates have focused on infection rates, predominantly with de novo implantation. [14] [15] [16] A recent physician survey demonstrated that the response to the advisories was not uniform 17 and identified several factors that would lead a physician to electively replace an advisory device, including a secondary prevention indication compared with a primary prevention indication, pacemaker dependence, previous appropriate ICD therapy, higher likelihood of malfunction, and duration of physician practice less than 10 years.
ICD generator advisories are increasing at a greater rate than pacemaker advisories. ICDs accounted for more than three quarters of the US $870 million spent in medical care in response to device-related advisories in the United States between 1990 and 2000. 8 Despite the economic implications, the decision to replace a device must include balancing the risk and potential consequences of device failure against the risks associated with device replacement. We sought to quantify complications arising from ICD device replacement resulting directly from the current device advisories to provide data to help guide clinical decision making and policy making about these risks.
METHODS
At the annual meeting of the Canadian Heart Rhythm Society, a survey of all ICD implant sites about advisory replacement outcome was proposed to all 16 The study involved a 4-part questionnaire, with numeric and standardized responses obtaining data on the number of patients with advisory devices at each center and the number of devices replaced directly resulting from the advisory. Factors influencing ICD replacement indication in the context of the advisory were prospectively categorized as patient preference, secondary prevention, previous appropriate shock, pacing dependence, and device failure.
For purposes of this article, complications arising from device replacement were defined as either major or minor and then subcategorized. Major complications after ICD replacement were defined as postoperative death, nonfatal myocardial infarction, cardiogenic shock, pocket infection requiring surgical lead extraction, wound hematoma re- quiring reoperation, and system malfunction requiring reoperation. Minor complications were defined as events distinct from the usual postoperative course that necessitated a significant change in treatment but not reoperation; this included incisional infection, significant site pain (both medically managed), and postoperative exacerbation of current medical conditions requiring hospitalization or medical management. Minor complications, such as minor site pain or wound contusion not requiring specific treatment, were therefore excluded. A standardized datasheet was used to obtain detailed information on patients who underwent elective generator replacement directly as a result of the advisories.
Pacemaker dependency was defined as absence of intrinsic rhythm when the pacemaker was gradually programmed to VVI pacing mode at a rate of 40/ min. 18 Previous appropriate shock was defined as an appropriate cardioversion or defibrillation, which successfully terminated a ventricular arrhythmia according to the predetermined ICD detection algorithm. The survey also collected data during the same period on the number of reports of advisory device failures/malfunctions, complications, and deaths attributable to these failures. During the survey (October 2004 to October 2005), there were 6 device advisories (Table 1) . This period was chosen because it represented a dramatic increase in ICD device advisories.
The study was a retrospective medical record review of patients affected by ICD advisories. After an advisory was issued, patients were contacted by telephone to inform them of the advisory and discuss further treatment. The decision to replace the device was made at the discretion of the patient's physician according to the nature of the advisory and patient characteristics. Center physicians reviewed patients affected by the advisories and completed detailed data collection on patients who underwent ICD replacement.
After ICD replacement, patients underwent follow-up at 1 to 7 days, 1 to 3 months, and every 6 months thereafter. The duration of follow-up was defined as the time from replacement to last follow-up. All 17 centers provided complete survey data, and 15 of 17 provided complete data for the patients who underwent replacement (476 of the 533; 89.3%). Thus, 57 of the 533 patients (10.7%) had outcome data reported but did not report additional patient characteristics. Devices replaced for indications other than the advisory, such as end of battery life, elective battery replacement indicators, or nonadvisory issues (n = 4) during the survey period, were not included in the complication or replacement data.
Data were collected, stored, and analyzed by the Arrhythmia Service at University Hospital in London, Ontario. Data are expressed as mean (SD) or percentage unless otherwise specified. 
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©2006 American Medical Association. All rights reserved. minor complications (2.3%) according to prespecified criteria, with a 1.7% risk of incisional infection (medically managed) and a 0.2% risk each of exacerbation of heart failure, significant site pain (medically managed), and major psychological morbidity. Major complications occurred in 31 patients (5.8%); 10 patients developed pocket infections requiring system extraction. Two patients died after extraction (0.38% of all replacements), one death occurred 24 hours after extraction, complicated by perforation of the right ventricle with appropriate resuscitation, and the second death occurred a week postoperatively from multiorgan failure caused by uncontrolled sepsis despite system extraction. The nonextraction reoperation rate was 3.9% (21 patients).
From October 2004 until October 2005, 3 advisory device malfunctions were detected (0.1% of all advisory devices surveyed). All malfunctions were caused by premature battery depletion, 2 of which were detected as a result of the advisory; the other was the index Canadian Medtronic Marquis advisory case that was identified incidentally at routine follow-up. Each patient underwent generator replacement without adverse clinical sequelae.
COMMENT
In this study, ICD replacement in the context of the current advisories was associated with a complication rate of 8.1%. The rate of major complications was 5.8% and included 2 deaths, a mortality risk as a result of pocket infection of 20% (2 of 10). One death was a direct consequence of the lead extraction, and the second death reflected irreversible sepsis despite extraction. The rate of fatal outcome directly attributable to extraction (1 of 10 cases, 10%) is clearly higher than the published incidence of 0.5% in pacemakers, with a recognized higher risk of extraction in ICD patients because of the size of the lead. 19 With a lead extraction procedure-related mortality of 1%, the current data suggest that 6000 replacements would lead to 100 infections requiring extraction, with 1 extractionrelated death. The additional sepsisrelated death rate is unknown but likely to be at least as high as the lead extraction procedure risk.
In our survey, the number of patients who died as a result of ICD replacement is similar to the number of reported device malfunctions that were not associated with major morbidity or mortality. Worldwide, 1 death associated with device failure has been reported in the medical literature, and 7 deaths were reported in the North American media during the survey. 20 Underreporting of deaths and malfunctions attributable to the current device advisories is possible and is a potential source of bias in the study, especially because there is no consensus on how device advisories should be reported or managed. Additionally, follow-up in our study was relatively short, at a mean (SD) of 2.7 (2.8) months. Complications such as infection may have occurred after this period.
Despite these limitations, these data raise important concerns for advisory committees. Future guidelines about management of advisory ICDs should give careful consideration to the formation of guidelines that favor ICD generator replacement in advisory situations, especially if the potential risk of device failure is likely to be less than the complication risks associated with replacement. This potential can be difficult to assess because the risk of replacement is immediate and the risk of device failure from the advisory is generally for the life of the device. It is unlikely, however, that such a high initial complication rate would be anticipated with a management strategy favoring ICD generator replacement.
Complications caused by ICD replacement have not previously been assessed in a large multicenter study or in the context of device advisories. ICD generator replacement is not a benign procedure and carries a substantial risk of complications, which include death. Our data were collected via a national survey of ICD implanting/follow-up sites, thereby incorporating a wide range of surgical practices and management strategies for the current device advisories. All centers performed their ICD replacements in a dedicated replacement room, either a procedure room or operating theater, by using sterile technique and administering prophylactic antibiotics. The operators were all experienced surgeons or cardiologists with large implanting volumes.
The ICD replacement complication rate we observed is similar to that of large randomized ICD trials, 1,3-5,21 which ranged from 2.5% to 15.2%. The complication rates in these trials, however, are associated with new ICD implantation. It is likely the trial data were not as inclusive as the current survey because complication rate was not the focus of these trials; however, the follow-up in our study was shorter than in the other studies.
Despite these methodological differences, the rate of pocket infections in our current survey (3.4%) is comparable to the rate of pocket infections in new implants in the Canadian Implantable Defibrillator Study (4.6%). 4 The mortality rate of 0.4% associated with ICD replacement in the current study was similar to the new ICD implantation mortality rate of 0.5% in the Comparison of Medical Therapy, Pacing and Defibrillation in Heart Failure (COM-PANION) study 2 and comparable to the Canadian Implantable Defibrillator Study (0.36%, nonthoracotomy ICD implantation) 4 and the postoperative 12 There are no national or international guidelines for the appropriate management of these situations. 23 Because each advisory presents a unique risk, mandating universal guidelines is difficult. Nevertheless, our data suggest that strategies focusing on ICD generator replacement involve meaningful risk. These issues are amplified in primary prevention patients in whom the risk:benefit ratio may be more difficult to assess. In Canada, the responsibility for device recall rests with the federal government; however, the provincial Ministries of Health are also concerned with public health and safety. 13 Device advisories in Canada are classified by Health Canada with a 3-class risk classification (low, intermediate, and high risk) that serves as a general guide for developing an appropriate clinical response. There are no more specific guidelines by which regulatory bodies advise physicians and patients about management for the current advisories, which is highlighted by the differences in indication for and rates of elective ICD replacement at different sites in our survey. The survey results emphasize the need for the physician to balance the risk of device malfunction/failure with the risk of device replacement.
Our study was retrospective and therefore has inherent limitations. The detection and reporting of device malfunctions and failures as a result of advisory issues are not standardized, so problems specifically related to these issues may have been missed in our survey. Longer follow-up may have detected further complications, in particular latent infection, which would only increase the unexpectedly high complication rate. In addition, patients who did not undergo generator replacement continue to be at risk for the life of the device. Our study was not designed to assess these risks.
In conclusion, ICD generator replacement in patients with advisory devices is associated with a substantial risk of complications, including death. These risks need to be considered in the development of guidelines to determine the appropriate treatment of patients with advisory devices.
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